
Diabetes Update 

Insulin receptors... k 
1. 

Insulin binding: 
a matter of sensitivity 
Normally, a glucose challenge elicits an appropriate 
beta-cell response—release into the bloodstream of 
insulin, which then binds to receptor sites on the cell 
membrane. This binding initiates a process that 
converts glucose into metabolic energy and/or stores 
it as glycogen in the liver and as fat in adipose tissue. 
With this activity, plasma values of glucose and 
insulin return to normal fasting levels. 

Insulin released from a pancreatic beta cell gains access to 
target cell through binding mechanism of receptor sites. 

Unfortunately, this return to normal fasting 
glucose levels does not occur in non-insulin-
dependent diabetes. Plasma levels of glucose and 
insulin often remain high. The resulting 
hyperglycemia and hyperinsulinemia are related to 
decreased binding by receptor sites. 

A high plasma insulin level has been associated 
w/ith decreases in the number and affinity of insulin 
receptors. The result: a state of relative insulin 
resistance. 

Receptor regulation: 
a question of numbers 
The number of insulin receptor sites varies Ini 
with the fasting plasma insulin level, that is, 
insulin present, the lower the number of rece, 
sites. 

In normal nondiabetics, the cell membrane 
response to insulin increases until 10% of the 
available receptors are occupied. Whereas, inj 
recent study of diabetic patients, the receptor 

occupancy of the erytl) 
cyte, an accessible tno| 
of the target cell, was 
only 5.5%. 

The number of ins 
receptors largely deteir 
the level of insulin ut| 
and glucose metabolis 
non-insulin-dependent 
diabetic patients. Whet 
there are fewer recepta 
there are lower levels d 
insulin binding and hij 
levels of glucose and 
circulating free insulio. 

Blood glucose coi 
achievable throuj 
receptor regulatio 
A primary therapeutic i 
non-insulin-dependenl 
diabetes is control of# 
glucose. Effective dieti 
appropriate exerciser 
the cornerstones ofthj 
and have been shownl 
increase the number J 
affinity of insulin rece|) 
sites. 
A new understsi* 
of sulfonylureas 
Recent research sug? 
that one of the domiij 
effects of sulfonylurfi 

increase the number and affinity of receptof 
rather than just stimulate insulin secretion, j 

After only a few weeks on sulfonylureas, 
seemed to have a more normal glucose toe 
even though insulin secretion was not | 
now clear that at least part of this effect was 
increase in the number and affinity of 

Treatment with diet and sulfonylureas ^ 

about a diminution of hyperglycemia 3""^ 
toward normal insulin binding; this result 

ciated with increases in the receptor sites P 

In hyperinsulinemia, the pancreatic beta cell maintains 
adequate or even surplus secretion of insulin, but insulin 
receptors decrease in number and there is decreased 
binding on target cell. 
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Abstract Over twenty years ago, we evaluated diet, 
serutn cholesterol, and other variables In 1900 middle-
Led men and repeated the evaluation one year later. 
No therapeutic suggestions were made. Vital status 
was determined at the 20th anniversary of the Initial 
examination. Scores summarizing each participant's 
dietary intake of cholesterol, saturated fatty acids, and 
polyunsaturated fatty acids were calculated accord
ing to the formulas of Keys and Hegsted and their co
workers. The two scores were highly correlated, and 
results were similar for both: there was a positive as
sociation between diet score and serum cholesterol 

THE effect of dietary saturated fatty acids, poly
unsaturated fatty acids, and cholesterol on levels 

of serum cholesterol in human beings under con
trolled isocaloric conditions has been well established 
through experimental studies.'"' Decreasing the pro
portion of calories obtained from saturated fatty acids, 
increasing the proportion from polyunsaturated fatty 
acids, and decreasing the amount of dietary choles
terol per 1000 kcal will lower the average serum cho
lesterol in a group by predictable amounts.^ These 
results have received substantial support and elabora
tion from cross-cultural comparisons,' diet-interven
tion programs,' investigations of subcultural groups 
wth special dietary practices,' and studies in ani-

s.' (Only representative publications are cited in 
' IS paper since the literature has recently been re
viewed in detail.'"-'' 
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concentration at the Initial examination, a positive as
sociation between change In diet score and change In 
serum cholesterol concentration from the Initial to the 
second examination, and a positive association pro
spectively between mean base-line diet score and the 
19-year risk of death from coronary heart disease. 
These associations persisted after adjustment for po
tentially confounding factors. The results support the 
conclusion that lipid composition of the diet affects 
serum cholesterol concentration and risk of coronary 
death In middle-aged American men. (N Engl J Med. 
1981; 304:65-70.) 

However, several epidemiologic investigations have 
failed to find statistically significant correlations 
cross-sectionally between these nutritional variables 
and serum cholesterol in individual persons.'''"^' Some 
investigators have interpreted this lack of correlation 
to mean that diet has a lesser role in determining level 
of serum cholesterol in persons eating freely than 
studies conducted in metabolic wards"'" suggest. 
This lack of correlation has also been used as a reason 
for not recommending reduction in dietary cholester
ol to adults in the general population.^' However, fail
ure to observe the expected correlations could have 
been due to methodologic problems, e.g., large intra-
individual variation from day to day in lipid composi
tion of the diet, relatively small, stable differences in 
diet between individual members of a population as 
compared with cross-cultural differences, inaccu
racies in the procedures for measuring diet in popula
tions eating freely, nondietary factors that affect 
serum cholesterol levels, and selective changes in diet 
among persons after they have learned that they have 
hypercholesterolemia. 

The purposes of the present study were to investi
gate the associations of dietary saturated fatty acids, 
polyunsaturated fatty acids, and cholesterol with 
serum cholesterol level and risk of death from coro
nary heart disease (CHD). The dietary variables were 
combined into summary scores according to the for
mula of Keys, Anderson, and Grande^'' and the com
parable formula of Hegsted et al.'' Three hypotheses 
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were formulated before the data were analyzed: that 
dietary scores would be positively associated with 
level of serum cholesterol at the initial examination; 
that a change in dietary scores between the first and 
second examinations would be positively associated 
with a change in level of serum cholesterol; and that 
dietary scores averaged over the first and second 
examinations would be positively associated with risk 
of death from CHD during the next 19 years. (The 
mean values from the first two examinations were 
specified instead of the first-year values, to diminish 
the effects of intraindividual variation.) Similar hy
potheses were formulated for each of the component 
dietary variables, i.e., saturated fatty acids, polyun
saturated fatty acids, and dietary cholesterol, with the 
appropriate change in direction of association speci
fied for polyunsaturated fatty acids. 

METHODS 

The participants in the Western Electric Study were selected in 
1957 through random sampling of 5397 men who were 40 to 55 
years of age and employed for at least two years at the Western 
Electric Company's Hawthorne Works in the Chicago area. The 
procedures according to which participants were selected, exam
ined, and followed have been described previously.^® 

Dietary data were obtained at the initial examination and at the 
second examination one year later (reexamination) by two nutri
tionists using standardized interviews and questionnaires based on 
Burke's procedure." The interview, which lasted for about one 
hour, asked about the general pattern of eating on a typical work
day and on a weekend, the time, place, and duration of meals, 
special diets followed at that time and in the past, and changes in 
eating habits over the preceding 20 years. A detailed review of 195 
specific foods was then conducted to determine the number of times 
in the past 28 days each food had been eaten and the usual size of 
the portions. Wax models of common foods and dishes of varying 
sizes were used as aids. Supplementary information about ways of 
preparing, food was obtained by a questionnaire mailed to each par
ticipant's wife and returned by the participant at the interview. In
formation about which foods were served and their preparation was 
also obtained from the company's cafeteria and from local restau
rants and bakeries. 

The dietary information was coded by the nutritionists to indi
cate the kinds and quantities of foods and beverages (alcoholic and 
nonalcoholic) consumed by each participant during the past 28 
days. These data were analyzed according to a food table derived 
from several sources"'" to obtain each participant's usual daily 
total caloric intake and consumption of animal and vegetable pro
tein, animal and vegetable fat, carbohydrate, total saturated fatty 
acids, total unsaturated fatty acids, linoleic acid, linolenic acid, 
arachidonic acid, cholesterol, calcium, phosphorus, iron, vitamins 
A, C, and D, thiamine, riboflavin, and niacin. For the purposes of 
this paper, the recorded quantities of linoleic, linolenic, and arachi
donic acids were added to estimate total unsaturated fatty 
acids. Caloric intake from these nutrients was calculated under the 
assumption that 1 g of fat contained 9 kcal and that 1 g of carbohy
drate and 1 g of protein each contained 4 kcal. 

The diet score of Keys et al.''^ was calculated as 

1.26(2S - P) + 1.5 VlOOO C/E 

and that of Hegsted et al.'' as 

2.16S - 1.65P -t- 0.677C 

where S represents the percentage of dietary calories obtained from 
saturated fatty acids and P the percentage from polyunsaturated 
fatty acids, C the dietary cholesterol in milligrams per day, and E 
the daily energy intake in kilocalories. 

Serum cholesterol was measured according to the rncth 
Abell et al." Body weight was measured with a balance-beam 
participants wore their usual indoor clothing but no shoes. 
stant of 1.4 kg (3 lb) was subtracted from the observed weight,'* 
timate body weight. ' 

No therapeutic suggestions were made, and the study its^u 
called a health survey to avoid focusing attention on the ca^ 
vascular system. Most participants, however, had the results of 
examinations sent to their personal physicians. I 

A total of 2107 men participated in the first examination; 207* 
per cent) were omitted from the present investigation for 
m o r e  o f  t h e  f o l l o w i n g  r e a s o n s ;  e v i d e n c e  o f  C H D  a t  t h e  f i f s t  ^ '  
nation (44 men); age less than 40 years (one man); missing 
initial examination for diet (127 men), height or weight (19) 
serum cholesterol (three); absence from the second examin,i 
one year later because of death (14), leaving the company', * 
ployment or transfer to another plant (17), or withdrawal froui 
study (31); and missing data at the reexamination for diet (jj 
weight (32), or serum cholesterol (six). These exclusions leftij 
participants who had measurements of diet, serum cholesterol,!, 
body-mass index (weight in kilograms/square of stature in met# 
at both examinations. 

Vital status at the 20th anniversary of the initial examination^ 
determined for all but three of the 2107 participants. One of j 
three was among the 207 already excluded; for the purposes ofj 
paper, the other two were counted as alive. Death certificates ton 
decedents were obtained and coded according to the eighth ta 
sion of the International Classification of Diseases.^'' Coding was donei 
dependently in duplicate, without knowledge of other informaiio 
about the participant. Discrepancies between both sets of codin 
were resolved in conference. The numeric codes were translaii 
back into verbal descriptions with a computer program, andj 
translations were compared with the death certificates. Deceda 
were classified as having died of CHD if the underlying causei 
death was coded to rubrics 410-412. (There were no instancsi 
deaths coded to 413 or 414, the other two ischemic-heart-disej 
categories.) 

These data were analyzed with the Statistical Analysis Sysla 
Release 79.2B." Linear regression analyses were performed w 
PROC SYSREG, and competing-risk logistic regression analyis 
with computer program adapted by one of the authors (W.Jl 
Three categories of competing risks were used: death due toCH 
death due to cancer (rubrics 140-199), and death due toallotii 
causes. Since the directions of the associations were predicted,! 
hypotheses previously described were tested with one-tailed tesii 
statistical significance. Two-tailed tests were used elsewhere 

RESULTS 

The distributions of serum cholesterol concentu 
tion, body-mass index, and the dietary variables at4 
initial examination are shown in Table 1. Resultsi 
the second examination one year later were simi" 
except that the mean values for energy intake, sat 
rated fatty acids, dietary cholesterol, both dieUj 
scores, and serum cholesterol were slightly 
(down 3.3 to 4.7 per cent from the mean value atij 
tial examination) and the mean value for polyunsa 
rated fatty acids was slightly higher (up 2.6 
mean body-mass index was nearly unchanged (up 
per cent). Table 1 also gives the reliability coeffic'^ 
for these variables — the correlations between 
urements made at the first and second examina"^^ 
for 1556 participants who reported no 
change in diet (e.g., starting or stopping a vveig 
ducing diet) between the two periods. 

The dietary score obtained with the Keys tj"' 
was positively associated with serum ! 
concentration at the initial examination (Ta 

. KMtinns of the Dietary Variables, Serum Cholesterol, and Body-Mass Index at the Initial Examination of 1900 
1. Distribution Middle-Aged Men. 

Energy intake/day 
(kcal)t 

saturated fatty acids 
(per cent cal) 

Diet score t 
Keys 

Seram cholesterol (mg/dl)§ 
Body-mass index (kg/m ) 

MEAN ±S.D. 

3183.2±974.5 

16.7±2.6 

3.9±0.9 

240.5±68.0 

60.2±8.3 
45.9±8.4 

247.7 ±54.4 
25.4±3.2 

2.4 

0.1 

0.8 

1.0 

0.1 
0.2 
0.9 
0.5 

KURTOSIS 

23.8 

0.7 

2.3 

1.8 

0.6 
0.5 
2.2 
0.8 

PERCENTILE VALUES 

1st 

1521.7 

10.8 

2.0 

125.4 

40.6 
27.0 

143.0 
18.8 

50th 

3055.1 

16.6 

3.8 

229.7 

60.1 
45.6 

242.0 
25.3 

99th 

6162.0 

23.5 

6.8 

442.4 

80.8 
68.2 

394.0 
33.8 

RELIABILITY 
COEFFICIENT * 

0.656 

0.567 

0.444 

0.653 

0.589 
0.601 
0.651 
0.964 

•Correlations between measurements made at initial examination and at reexamination one year later in the 1556 men who reported no systemic change in diet between the two 

periods. 
tTotal energy from foods and beverages, including alcohol. 
}See Methods for formulas from which values are derived. 
§To convert serum cholesterol from milligrams per deciliter to millimoles per liter, multiply by 0.02586. 

The result obtained with the Hegsted formula was vir
tually identical (univariate regression coefficient 
= 0.511, Z = 3.444, P<0.001). The correlation be
tween the two dietary scores was 0.984. Further anal
ysis demonstrated that serum cholesterol concentra
tion varied positively with dietary saturated fatty 
acids and cholesterol; it tended to vary inversely with 
polyunsaturated fatty acids. Adjustment for body-
mass index and age increased the strength of the as
sociation with saturated fatty acids and decreased the 
associations with polyunsaturated fatty acids and 
dietary cholesterol. Age in this restricted population 
(40 to 55 years) was not significantly related cross-sec
tionally to serum cholesterol concentration, but body-
mass index was; after adjustment for the dietary 

variables and age, men who weighed more per unit 
of stature tended to have higher levels of serum cho
lesterol. 

A change in the Keys dietary score from the first 
examination to the second was positively associated 
with a change in serum cholesterol concentration 
(Table 3). Results with the Hegsted score were 
again nearly identical (univariate regression coeffi
cient = 0.635, Z = 5.386, P<0.001). Changes in in
take of saturated fatty acids and dietary cholesterol 
were positively related to a change in the level of 
serum cholesterol; the coefficient for change in intake 
of polyunsaturated fatty acids was negative in sign but 
not statistically significant. Adjustment for age at 
entry and for change in body-mass index did not sub-

Table 2. Linear Regression of Serum Cholesterol Concentration (in Milligrams per Deciliter) on Dietary Variables, Body-Mass 
Index, and Age at the Initial Examination of 1900 Middle-Aged Men. 

Regressor DIET VARIABLES ONLY 

COEFFICIENT * Z F 

D^ry variables summarized by Keys-Anderson-Grande dietary score 
^•cysetal. dietary score $ 0.512 3.407 

^dy-mass index (kg/m^) _ 
at entry (yr) 

Constant 

Corre,a.ion(R) 

Saturated fatty ftMy acids, and dietary cliolesterol entered directly 

(per cent cal) 
"lywsaturated fatty acids 

(per cent cal) 
cholesterol 

(mg/1000l(cal) 

28'at entry (yr) ' 
Constant ' 

'-""elation (R) 

1.104 

-2.096 

0.034 

2.190 

-1.524 

1.700 

<0.001 

<0.001 

sctly 
0.014 

0.064 

0.044 

COEFFICIENT * 

0.537 

ALL VARIABLES 

zt 

3.570 <0.001 

229.405 
0.082 0.006 

1.148 2.959 0.003 
0.382 1.368 0.171 

167.901 
0.109 <0.001 

1.348 2.651 0.004 

-1.699 -1.230 0.109 

0.025 1.239 0.108 

1.134 2.900 0.004 
0.365 1.292 0.196 

179.552 
0.110 <0.001 

's the ra.;„ values to millimoles of cholesterol per liter of serum, multiply each coefficient by 0.02586. 
f the regression coefficient to its standard < JSee Methods for formula and definition of this variable. 
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Table 3. Linear Regression of Change in Serum Cholesterol Concentration (In Milligrams per Deciliter) on Chanae 
Variables, Change in Body-Mass Index, and Age at the Initial Examination of 1900 Middle-Aged Men in Di, 

REGRESSOR * DIET VARIABLES ONLY 

COEFFICIENT T Z %  

Dietary variables summarized by Keys-Anderson-Grande dietary score 
AKeys et al. diet score § 0.638 5.437 

ABody-mass index (kg/m^) 
Age at entry (yr) 
Constant —10.311 

Correlation (R) 0.124 

<0.001 

<0.001 

COEFFICIENT F 

0.620 

1.679 

-0.019 

Saturated fatty acids, polyunsaturated fatty acids, and dietary cholesterol entered directly 
ASaturated fatty acids " — 

(per cent cal) 
APolyunsaturated fatty acids 

(per cent cal) 
ADietary cholesterol 0.030 

(mg/1000 kcal) 

ABody-mass index (kg/m^) 
Age at entry (yr) 
Constant 

Correlation (R) 

4.249 

-0.021 

1.736 

<0.001 

0.492 

0.041 

-10.310 
0.127 <0.001 

5.533 
0.104 

-16.370 
0.176 

1.581 

-0.379 

0.032 

5.512 
0.105 

-16.421 
0.178 

ALL VARIABLES 

zt 

5.327 

5.552 
0.486 

4.026 

-0.424 

1.889 

5.510 
0.492 

*A Indicates that the regressor is a difference (value al reexamination minus value at the initial examination). 
tTo convert regression values to millimoles of cholesterol per liter of serum, multiply each coefficient by 0.02586. 
}Z is the ratio of the regression coefficient to its standard error. 

<0.H 
0,1! 

<0,(# 

§See Methods for formula and definition of this variil 

stantially modify these relations. Age was not signifi
cantly related to change in level of serum cholesterol. 
However, a change of 1 kg per meter squared in body-
mass index was associated on the average with a 
change of 5.5 mg per deciliter (0.14 mmol per liter) in 
serum cholesterol, after adjustment for changes in re
ported intake of saturated fatty acids, polyunsatu
rated fatty acids, and dietary cholesterol. 

The dietary data collected at the first two examina
tions were averaged for each participant to provide 
base-line estimates for intake of saturated fatty acids, 
polyunsaturated fatty acids, and dietary cholesterol, 
individually and as summarized by the formulas of 
Keys and Hegsted. As shown in Table 4, the risk of 
death from CHD during the next 19 years was posi
tively related to the base-line levels of both dietary 
scores after adjustment for age, body-mass index, sys
tolic blood pressure, cigarette smoking, serum choles
terol, monthly alcohol intake, and three other vari
ables (Table 4, third footnote). When the risk of death 
from CHD was analyzed in terms of the component 
dietary variables, it was inversely related to intake of 
polyunsaturated fatty acids and positively related to 
intake of dietary cholesterol. The amount of satu
rated fatty acids in the diet was not significantly asso
ciated with the risk of death from CHD, although 
there was a slight but consistent tendency for risk to 
increase from the low third to the high third of the dis
tribution. Other base-line variables significantly re
lated (P<0.001) to risk of death from CHD in this 
multivariate analysis were age, systolic blood pres
sure, cigarette smoking, and serum cholesterol con
centration. This analysis also indicated that the die
tary variables were not significantly related (P>0.10) 
to risk of death from competing causes in two broad 
categories: from all types of cancer grouped togeth

er and from all other causes grouped togetlit 
(Tables showing the detailed results of these analyj 
are available on request from Dr. Shekelle.) 

DISCUSSION 

Ahhough most attempts to document the relation, 
dietary cholesterol, saturated fatty acids, and pol 
unsaturated fatty acids to serum cholesterol conca 
tration in persons who are eating freely have b« 
unsuccessful, positive results have been obtained; 

Table 4. Risk of Death from Coronary Heart Disease over' 
Years in 1900 Men, According to Base-Line Level of Diels 

Variables. 

DIETARY 
VARIABLES ' 

CORONARY DEATHS 
(PER CENT) T 

LOGISTIC 

REGRESSION} 

Hegsted et al. diet score § 9.8 10.6 13,6 
Keys et al. diet score § 9.3 11.2 13,4 

Saturated fatty acids 10.9 11.2 11,8 
(per cent cal) 

Polyunsaturated fatty acids 13.5 10.4 10.1 
(per cent cal) 

Dietary cholesterol 10.9 9,5 13.6 
(mg/1000 kcal) 

LOW 3D MIDDLE 3D HIGH 3D COEFFICIENT ' 

0.029 
0.027 0,11 

0.031 

•0.258 0' 

0.003 

*The base-line level of each variable in each participant was the mean of the vain® 
taincd at the initial examination and at reexamination. The numbers of participant^'' 
low, middle, and high thirds were 631. 636, and 633, respectively, for polyunsai'^ 
fats; they were 633, 634, and 633, respectively, for the other four variables. 

tLow, middle, and high thirds refer to the distribution of each dietary variable 
^Coefficients and P values were based on three competing-risk, multivariate lop''^ 

gression analyses. One included Hegsted's score, a second included Keys' 
third included the three lipids. The other regressors in each analysis were 
blood pressure, number of cigarettes smoked per day, serum cholesterol conccn^ 
number of alcoholic drinks per month, and body-mass index (weight/height^)'^ 
eluded were three variables that indicated whether a participant or his parents'"' , 
born in Western or Northern Europe, in Middle Europe, or in other areas out^^ 
United States. These latter variables were included because ethnicity might 
diet and risk of coronary heart disease. 

§Sec Methods for formulas and definitions of these variables. 

• tions besides the Western Electric Study, 
investiga^'^ extensive studies is that of Kato et 

°ho found statistically significant positive corre-
al ' ^ between the percentage of calories from satu-

fets and the level of serum cholesterol among 
^ flapanese ancestry who lived in Japan, Hawaii, 
""h" California. Similar associations were observed 

h dietary cholesterol, although the correlation was 
^'1 statistically significant for men living in Cali-

(-phe correlation in California was actually 
mewhat greater than the correlations observed in 

j" and Hawaii, but the sample size in California 
1 as small.) Variation in intake of dietary cholesterol 
and saturated fatty acids remained positively and sig
nificantly related to serum cholesterol concentration 
in multivariate analyses for the men living in Japan. 
In another study, Easty investigated a small group of 
young men on a year-long expedition to Antarctica.'"' 
The percentage of calories obtained from fat was pos
itively correlated with the level of serum cholesterol; 
apparently, dietary cholesterol was not evaluated. 

- Connor et al. observed a large (r = 0.898), statisti
cally significant correlation between dietary choles
terol intake and total plasma cholesterol concentra
tion among the Tarahumara Indians of Mexico."' 
Ward et al. found that in children 2 Vi years of age, a 
history of breast feeding and the current ratio of die
tary polyunsaturated fatty acids to saturated fatty 
acids were among the variables related in multivari
ate analyses to the level of plasma total cholesterol.''^ 

The correlations between dietary variables and 
serum cholesterol concentration in our study were 
small — a general finding among studies reporting 
positive results, except that of Connor et al., who stud
ied a group with a stable, low-cholesterol diet. In most 
of these studies, including the Western Electric Study, 
the correlation and regression coefficients have been 
biased toward zero by various factors discussed else
where in detail."'"-" Therefore, it is reasonable to 
mler that the true associations between the lipid com
position of the diet and serum cholesterol in this pop
ulation were larger than the observed values reported 
nere. Clearly, however, other factors also affect the 
concentration of serum cholesterol and plasma lipo
p r o t e i n s . ^  

r question of a relation between 
aietary hp.ds and risk of CHD, Morris et al. have re-
tarv^ inverse association between the ratio of die-
aclHcacids to saturated fatty 
men wh '""^ence of CHD in 337 middle-aged 
followed" at an initial survey and were 
^ms 2 Z Table XV, col-
their dat^'^ present study, -
*"ththp ®"S8^®ted a stronger association of CHD 
•eafood of calories from the fats and oils in ; 

high ^^S^^^bles (presumably low in saturates 
in polyunsaturates) than with the percent- i 

turateT rf . (presump^^•" ' 
The polyunsaturates). 

Dservation in the Western Electri 1 the Western Electric Study that 

dietary cholesterol was significantly associated with 
risk of death from CHD, after adjustment for serum 
cholesterol concentration, supports the idea that die
tary cholesterol may be related to atherosclerosis 
through other mechanisms, in addition to the level of 
serum total cholesterol — e.g., an alteration in the 
structure or composition of plasma lipoproteins, in
creased turnover of lipoproteins, and stimulation of 
mitotic activity of smooth-muscle cells." 

If viewed in isolation, the conclusions that can be 
drawn from a single epidemiologic study are limited. 
Within the context of the total literature, however, the 
present observations support the conclusion that the 
lipid composition of the diet affects the level of serum 
cholesterol and the long-term risk of death from CHD 
in middle-aged American men. 
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in preparing the food table; to Carol Maliza, M.P.H., for super
vising the 20-year follow-up; to Mr, Joseph Costello, Mrs. Nancy 
O Dell, Mr. Daniel Garside, and Mrs. Dolores Vogel for their as
sistance in determining the vital status of participants; to Ms. Lora-
lei Saraniec for technical assistance in preparing the data tables and 
manuscript; and to Dr. Alan Dyer for providing an early version 
of the program that performed the competing-risk regression 
analysis. 
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THE VALUE OF MAINTENANCE THEOPHYLLINE IN STEROID-DEPENDENT ASTHMA 

EDWARD G. NASSIF, M.D., MILES WEINBERGER, M.D., ROBERT THOMPSON, M.S., 

AND WILLIAM HUNTLEY, R.R.T. 

I 

We examined the value of maintenance 
iiine at serum concentrations of 10 to 20 fig 

theopnyi g placebo-controlled, randomized, 
? blind trial of 33 children with steroid-depend-

''"""ifronic asthma. Patients were free of all symp-
oer cent of the days (mean iS.E.M.) when 

n tneoDhylline as compared with 42±6 per cent 
taking placebo (P<0.01). Inhaled metapro-

o! was required twice as often with placebo 
P^OOI) and additional daily corticosteroids were 

ded more than three times as often with pla
cebo (P = 002)- Daily peak flow measurements 

NITIAL pharmacologic treatment of chronic 
asthma includes theophylline, cromolyn, and 

sympathomimetic bronchodilators as single agents or 
in combination. A few patients in whom symptoms 
are not adequately controlled with these medications, 
however, require continuous use of corticosteroids as 
the only alternative to chronic debilitating symp
toms, recurrent hospitalizations, and frequent emer
gency-room visits. Inhaled beclomethasone dipropio-
nate' and prednisone given on alternate mornings^ 
can decrease the symptoms of asthma while minimiz
ing the adverse effects commonly associated with 
long-term use of daily oral glucocorticoid therapy. 
Since even these relatively safe regimens are generally 
added when other measures have failed, the value of 
maintaining initial pharmacologic measures as ad
junct therapy has been questioned.''* We undertook 
this study to examine the efficacy of maintenance 
theophylline at therapeutic serum concentrations in 
patients with asthma that was inadequately con
trolled with optimal use of noncorticosteroid therapy 
and was consequently treated with inhaled beclo
methasone dipropionate or prednisone on alternate 
mornings. 

METHODS 
Pstlent Selection 

Boh ^ census of approximately 600 patients who were under-
Pulrn chronic asthma by the Pediatric Allergy and 
fied 62™''' University of Iowa Hospitals, we identi-
Poorlv r steroid-dependent (i.e., their symptoms had been 
'ion of optimal use of other measures until the addi-
f W e i v i n B r e g i m e n ) .  T w e n t y - t w o  p a t i e n t s  

(mea'"H^ beclomethasone dipropionate, 200 to 900 fig per 
" ose, 533 ^g per day), and 11 patients receiving oral 

Pharmacy^?]^'''"'"' of Pediatrics, College of Medicine, and the College 
'"'Ser at the D Iowa. Address reprint requests to Dr. Wein-
52242 'Partment of Pediatrics, University of Iowa, Iowa City, lA 

- ̂ "Pported in nart k 
peters Program r>^ ^ Srant (RR-59) from the General Clinical Research 
'<"•1 the National I Research Resources, a grant (Al 16151-01) 

""Wuiicjij 1^ of Allergy and Infectious Diseases, by Key Phar-
J • Nassif comni ' Company, Palo Alto, Calif, 

''"'monarv D ' ' a fellowship in Pediatric Allergy 
isease, supported by the Cystic Fibrosis Foundation. 

improved with theophylline (P<0.01) as did monthly 
spirometric measurenfTents and residual volume 
measured by plethysmography. Theophylline was 
associated with a 50 per cent increase in the num
ber of patients able to complete an exercise test 
(P = 0.01) and with a smaller decrease in forced expi
ratory volume in one second among patients com
pleting the exercise (P<0.02). We conclude that main
tenance bronchodilator therapy with theophylline can 
provide clinically important benefit for patients with 
chronic steroid-dependent asthma. (N Engl J Med. 
1981; 304:71-5.) 

prednisone, 20 to 50 mg every other morning (mean dose, 31 mg), 
met the following criteria for inclusion in the study: the lowest dose 
of corticosteroid that was compatible with control of the disease had 
been clinically determined, and all continuous medication (includ
ing corticosteroid dosage) had been stable during the previous three 
months; exacerbations of asthma requiring additional daily pred
nisone had not occurred during the previous month; and the pa
tients were all able to swallow whole tablets and to perform reliable 
spirometric exercises. Patients and parents also had to be willing 
to cooperate with the requirements of the study, which included 
receiving a placebo, maintaining a diary, undergoing peak flow 
measurements twice daily, and keeping monthly appointments. 
All patients and parents were informed of the study protocol in ad
vance, and all gave consent before participation. 

Morbidity among these patients before they were seen at the Uni
versity of Iowa Hospitals was sufficient to have resulted in frequent 
hospitalizations and emergency-care requirements, but control of 
the disease^ at the onset of the study was generally good and did not 
differ significantly between the two steroid groups. Patients receiv
ing alternate-morning prednisone were somewhat younger on the 
average, but in both groups the mean duration of asthma was about 
10 years (Table 1). The total duration of follow-up averaged over 
2 Vi years, and the duration of follow-up while the patients were re
ceiving within 150 per day of the dose of beclomethasone dipro
pionate used in the study, or within 10 mg of the alternate-day dose 
of prednisone used, averaged more than one year. 

Study Medications 

All patients had previously been receiving sustained-release theo
phylline preparations with established complete bioavailability in 
doses that maintained serum concentrations between 10 and 20 
per milliliter. The medication used in the study was Theo-Dur, the 
most slowly absorbed of currently studied controlled-delivery theo
phylline preparations with documented complete bioavailability.' 

Table 1. Characteristics of Patients Receiving Corticosteroid 
Therapy on Entry Into the Study. 

CHARACTERISTIC CORTICOSTEROID TAKEN 

INHALED ALTERNATE-DAY 
BECLOMETHASONE PREDNISONE 

DIPROPIONATE 

Number of patients 22 II 
Age • 13.6 (7-19) 11.8 (9-15) 
Age at onset * 3.1(0.3-16) 2.0(0.5-4) 
Duration of asthma • 10.5 (3-17) 9.8 (6-14) 
Duration of follow-up • 2.6 (0.4-4) 2.7 (1^) 
Duration of current 1.1 (0.3-3) 1.2(0.4-4) 

medication regimen * 
1.2(0.4-4) 

*Data are presented as the mean number of years. Figures in parentheses denote the 
range in each group. 
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